(46.3 (5)%) and cardiac index (2-6 (0.1) l/min/m7) in group 1 were less than in group 2 (61-6 (4-2)% and 3*8 (0.3) IIminIm2 respectively, p < 0.001). The end systolic volume was greater in group 1 than in group 2: 38-7 (0.7) ml/m2 v 28-2 (2.1) ml/m2, p < 0-001.
coronary arteries. Results-Group 1: 10 (20%) patients (three with one, four with two, and three with three vessel coronary artery disease) (mean (SD) age 54.7 (12) (2) (3) (4) (5) (6) (0.1) l/min/m7) in group 1 were less than in group 2 (61-6 (4-2)% and 3*8 (0. 3) IIminIm2 respectively, p < 0.001). The end systolic volume was greater in group 1 than in group 2: 38-7 (0.7) ml/m2 v 28-2 (2.1) ml/m2, p < 0-001.
Conclusion-In patients with coronary
artery disease an abnormal increase in diastolic blood pressure during exercise stress testing correlated weli with left ventricular systolic function at rest but not with the number of obstructed coronary arteries. The abnormal response of diastolic blood pressure probably reflects deterioration of myocardial function.
(Br Heart _ 1993;69:507-51 1)
The behaviour of arterial blood pressure during exercise stress testing has been much investigated. Systolic blood pressure has been extensively studied and has been shown to correlate with both myocardial oxygen consumption' and the number of obstructed coronary vessels,2 as well as with myocardial ischaemia itself.3 4 Though diastolic blood pressure has been studied in healthy individuals, in whom there is a small decrease caused by peripheral vasodilation,5 there is little information on patients with coronary artery disease.
Published reports suggest that in patients with coronary artery disease the abnormal increase in diastolic pressure during exercise stress testing correlates with the number of stenotic coronary arteries.67 But a more recent study postulates that this abnormal increase is due to myocardial dysfunction manifested during stress testing. 8 We have investigated changes in diastolic blood pressure during exercise stress testing in patients with coronary artery disease by the most reliable method (intra-arterial measurement) and we have attempted to correlate these changes with both the number of obstructed coronary arteries and left ventricular systolic function at rest.
Patients and methods
We studied 50 consecutive patients (38 men and 12 women, mean (SD) age 57 (9) years) with coronary artery disease from the daily list of the stress testing laboratory. In 34 patients myocardial infarction had been diagnosed 3-6 months before (20 anterior septal, nine inferior and five non-Q) and the remaining 16 
INTRA-ARTERIAL MEASUREMENT OF BLOOD PRESSURE
In all patients intra-arterial blood pressure was measured by cannulation of the radial artery. If the sphygmomanometric blood pressure was different in the two arms the cannulation was done in the arm with the higher value. Allen's test was used to check collateral circulation before the radial artery was cannulated.9 After local anaesthesia (lignocaine) a fluid-filled cathether was placed in the radial artery. The arterial line was connected to a strain gauge by pressure monitoring tubing. The (figure) . Nine of these had symptomatic (2.8 (0 5) mm) and one had asymptomatic (2.2 mm) ST segment depression. The increase in diastolic pressure preceded the ST depression by 1 2 (0.2) min and it became normal again 0 9 (0 3) min after the ST segment returned to normal. Three patients had one, four had two, and three had three vessel coronary artery disease. Group 2 consisted of 40 patients (80%) who had no abnormal increase in diastolic blood pressure. Nine had symptomatic ST segment depression (2-1 (0-8 mm)), 18 had asymptomatic ST segment depression (1 6 (0 5 mm)), and 13 had a normal stress test. Twelve patients had one, 16 had two, and 12 had three vessel coronary artery disease. Table 2 shows the mean values of blood pressure at rest and during exercise, measured by sphygmomanometer and intra-arterially. Though there was a good correlation between the spygmomanometric readings of diastolic pressure and intra-arterial pressure at rest, there was no statistically significant correlation between the sphygmomanometric readings of diastolic pressure during exercise made by the two observers, or between the 
METHODS QF MEASUREMENT
In earlier studies diastolic blood pressure was measured by sphygmomanometer, a method with several inherent objective problems. Also it is not easy to detect the 4th or 5th Korotkoff sounds in someone who is moving vigorously. In our study we measured blood pressure both by sphygmomanometry and intra-arterially. The conflicting values for diastolic blood pressure measured by two independent investigators with equal practice and expertise and the lack of accord between the sphygmomanometric and intra-arterial measurements clearly show that diastolic blood pressure measurements-are difficult to obtain by sphygmomanometry during an exercise test and bear no direct relation to pressure in the artery. Statistical analysis (median exercise diastolic blood pressure) also showed that the observers became no more consistent as diastolic blood pressure rose.
DIASTOLIC PRESSURE CHANGES DURING STRESS TESTING
When we used the most accurate way of determining diastolic blood pressure-that is, intra-arterial measurementsll 12-we found that 20% of our patients showed an abnormal increase during stress testing. This is a higher proportion than reported by others67 (probably because of the different methods used). Also, in contrast to these earlier studies, we found that the increase in diastolic pressure in patients with coronary artery disease correlated, not with the number of obstructed coronary vessels but with the degree of left ventricular dysfunction. This discrepancy is not unexpected because myocardial ischaemia is not proportionate to the atherosclerotic damage to the coronary arteries,'3 but mainly to the pathophysiology of the coronary arteries,'4 15 the coronary reserve, and the pressure drop across the stenosis."3 16 Furthermore, not only does coronary angiography not give information about the pathophysiology of the vessels, it does not even accurately reflect the degree of stenosis itself '7 18 or its development. '3 Our findings also differ from those of earlier studies67 in that we found that patients with coronary artery disease with an abnormal increase in diastolic blood pressure during exercise had a significantly lower ejection fraction and cardiac index and a higher end systolic volume than patients with normal diastolic pressure. The values of these variables, bordering on the pathological at rest, probably change for the worse during an exercise test,'9 leading to a further increase in peripheral vascular resistance,20 pulmonary artery pressure,20 and left ventricular end diastolic pressure.2' The result of these haemodynamic changes seems to be an increase in diastolic pressure.
Recent studies8 support these findings by showing that when patients with an abnormal increase in diastolic pressure during exercise have an improved ejection fraction after coronary artery bypass subsequent stress tests produce no abnormal fluctuations in diastolic pressure. Whereas if the bypass does not improve ejection fraction the increase in diastolic pressure continues to occur.
Our study also showed, as did another,8 that the increase in diastolic pressure in patients with coronary artery disease during stress testing precedes the electrocardiographic changes. We do not think that this finding is paradoxical because it reinforces the connection between diastolic pressure and left ventricular function, because haemodynamic changes are known to precede electrocardiographic findings. We also found that the restoration of diastolic pressure followed the restoration of the electrocardiographic changes. This shows that the course followed by the pathophysiological mechanism in the recovery of the myocardium from ischaemia seems to be the reverse of the sequence of its appearance. Recent studies confirm this finding. They showed that after the exercise electrocardiogram returned to normal both the abnormal mobility22 and the pathological metabolism23 of the myocardium persisted for a long time.
We found that patients with coronary artery disease and myocardial dysfunction at rest had an abnormal increase in diastolic blood pressure during exercise stress testing. This probably reflects the haemodynamic changes occurring during the test. Though we did not study the actual haemodynamic changes during stress testing, we believe that the determination of diastolic pressure could provide significant information about resting myocardial dysfunction in patients with coronary artery disease.
Clinical applications Though the intra-arterial measurement of pressure is, unfortunately, not entirely free of complications,2425 none was found in any of our patients. This is explained by the short duration of the arterial cannulation (14-24 min) and on the basis of this result we recommend the wider use of this technique. The lack of any significant correlation between the sphygmomanometric readings of diastolic pressure during exercise made by the two observers, or between the sphygmomanometric and intra-arterial pressure readings, shows that the intra-arterial measurement of diastolic pressure can be relied upon to give a true result. While the changes in the ST segment during exercise are the reference standard for the diagnosis of myocardial ischaemia, the fact that the abnormal increase in diastolic pressure preceded the electrocardiographic changes, while its return to normal followed the restoration of the normal electrocardiogram, is probably a reflection of the haemodynamic condition of the myocardium. To what extent the haemodynamic changes in the myocardium, expressed apparently through an increase in diastolic pressure, are due to a hibernating or stunned myocardium remains to be elucidated.
We thank Miss Theano Zachariadou for her secretarial support.
